Sealing was the first exploitative industry in the Antarctic region. Throughout the 19 th century it was characterized by large fluctuations in harvests and shifts in hunting grounds as seals were almost exterminated in some locations. The paper reviews the historical literature on this industry. In particular it reviews sources and data that relate the economic importance. So far, no one has succeeded in indicating the aggregate economic value of the industry. The main aim, therefore, is to explore new data, especially on market prices and catches that will enable us to assess more accurately the significance of the industry.
Introduction
Since the progressive discoveries during the late 18 th century, several exploitative industries have operated in the Antarctic regions, notably sealing, whaling and fisheries. In an attempt to analyse the economic history of this region, the economic significance of the various industries is obviously a crucial factor -to enable comparisons of the Antarctic industries with similar industries in other regions, and to be able to compare the different industries within the Antarctic itself over time. 2 Sealing was the earliest Antarctic industry. It was characterized by large fluctuations in catches and shifts in sealing grounds as seals were almost exterminated in particular locations -in an era completely lacking regulations. Already by the mid 19th century the industry dwindled.
The majority of the sealers were from Britain and United States (from New England).
They took fur seals first (for the fur) and later elephant seals (for the oil). The most important markets were in Britain (London), the US (New York) and Canton (China) where the furs were remunerative for hats and other clothing. The markets for oil were mainly the first two.
There is an extensive literature on the history of this industry focussing specifically on Antarctic sealing and dealing with it as one aspect of the larger South Seas Trades (or Fisheries) or the larger Fur Trade. In the following this literature will be reviewed to give concert of the development of the Antarctic sealing industry. The literature provides valuable and detailed insights into many aspects of the economics of the industry. However, no one has yet succeeded in indicating its aggregate economic value or the aggregate development throughout the years of operation, combining data on market prices and catches. This is the aim of this paper, which will thus enable more accurate assessment of the significance of the industry compared with subsequent Antarctic exploitative industries especially whaling and fisheries. Sugden has provided one such comparison, but it is a rather general model of the assumed pattern of development and without factual data. 3 Laws has made a comparison of output of catches of the main species of the exploitative industries (seals, whales, fish, krill) from 1784 to 1988. 4 This is instructive in showing how immense the production of whaling was compared with that of the other industries. For a number of years, 3 between one and three millions tons were caught annually. Fish and krill reached 0.5 million at their maximum, the sealing much less. However, a comparison of quantities gives only an incomplete concept of the economic significance of the industries. For such purposes, prices have to be taken into account.
The geographical area included in the following study will be somewhat wider than what is often understood as the Antarctic. In addition to the coast of Antarctica itself (which in this context affects the northern parts of the Antarctic Peninsula and its islands), also the main sub-or peri-Antarctic islands are included. Some of these are situated below the Antarctic Convergence (or Front), some are located slightly to the north of it (see Figure 1 ). 5 Such a wider definition (in geographical terms) is necessary when the aim is to analyse the Antarctic as an economic region. The sealers operated throughout the Southern Ocean, and did not venture further south than what was necessary to find seals. A cargo might consist of catches from several islands (Antarctic and elsewhere), without distinguishing between them in the records. This fact also poses problems regarding islands further to the north such as the Falkland Islands, Tierra del Fuego, southern Australasian islands, and Tristan da Cuhna that are obviously not located in the Antarctic, but at the same time the sealing there may be difficult to distinguish from the trade further south.
The main areas included are the following: There are in addition a number of other smaller islands (like Peter I Øy, Balleny Islands and Scott Island) that were rarely or never visited by sealers and which have never had more than very minor populations of seals.
The paper is organized in the following way: The first section reviews the historical development of Antarctic sealing from its beginning in the late 18 th century, focussing on catching grounds, participants, markets and organization of the industry. A second section reviews sources and data relating the industry, with an emphasis on voyages and vessels, employment, production (catches), prices and economic importance.
Antarctic sealing -an overview
Sealers had exploited grounds in the Southern Hemisphere -along the coasts of Africa and South America, Australia and the Pacific islands throughout the latter part of the 18th century. 6 The Falkland Islands were visited by whalers and sealers at least as early as 1774. Both fur seals and elephant seals were caught from the beginning.
Grounds in the Southern Ocean were not really discovered before James Cook's circumnavigation between 1772 and 1775, leading to reports of abundance of seals and consequently the attention of the sealing communities. South Georgia had the first recorded visit by sealers in 1786. It developed into a substantial industry already before the turn of the century, and by around 1820 there were few seals left. More than one million fur seals may have been killed according to James Weddell's estimates. 7 The next area to be explored was the South Shetlands, discovered in 1819.
Already the following summer season more sealers were around and the next two seasons experienced an 'invasion', probably reaching close to one hundred vessels in 1821/22, again mainly British and United States (see later and Figure 2 ). The South Shetlands seals, which were principally fur seals, soon experienced the same fate as those on South Georgia. The beaches were emptied, and the sealers moved to other peri-Antarctic islands that experienced short peaks and collapses in the following decades; for example at Crozet and Prince Edward Islands (1840s) and in Kerguelen and Heard Islands (1850s). Sealing at the islands south of New Zealand started already in the 1790s. The trade peaked in the 1820s with the peri-Antarctic Macquarie Island as the most important sealing ground. 8
The seal population recovered to some extent, and grounds like South Georgia, South Shetlands and Macquarie Island experienced renewed interest from the sealers in the late 19 th century. However, the catches were far less than those of the early peak seasons. The sealers have been called the "nomads of the sea". 9 In a single voyage, they often visited several islands, moving when the beaches in one place had been emptied.
However, they also left gangs ashore for extended periods, staying in caves or erecting shelters or refuges of wood or stone, and brought their try-works for the processing of elephant seal oil. 10 Some even wintered, but more typically stayed for the Austral summer only.
Most sealers came from the United States, and they were active throughout the entire century. In the early years and throughout the South Shetland bonanza of the 1820s
British vessels were about equal in number, but after around 1840 Britain was very much out of this business. In addition to these two major bases the Cape Colony (South Africa), Australian (New South Wales and Tasmania), New Zealand and French vessels were active.
The sealing industry was part of larger industries and to some extent difficult to distinguish from them. The fur seal industry was part of the fur trades in the sense that the furs went to the same markets and to some extent represented substitutes for other furs. Elephant sealing or 'elephanting' was distinct. Vessels, equipment, skills and grounds were to some extent different. 11 It was, on the other hand, closely connected with the whaling trade. The oils were similar and could be processed aboard the vessels using the same equipment (the try works). Indeed, many vessels were taking both whales and elephant seals, and the two industries were very much integrated.
Especially the United States 19 th century whaling was a very significant industry, and the quantities of seal oil were just a small fraction of the quantities produced by the whaling trade of that country.
The sealing companies both in the United States and in Britain were predominantly located in some few areas. In the US, they were, as the whaling companies, in the United States sealers reached the Canton market in the 1790s and soon dominated that trade. 15 Furs from seals also soon outnumbered the otter and beaver skin imports that previously also had been dominated by US traders. Already at the turn of the 18 th century the market there was saturated with fur seals, thus prices and imports gradually declined. 16 By the early 1830s the trade on Canton ceased.
Between the 1840s and the 1880s Antarctic fur sealing was completely dominated by US vessels now mainly supplying the domestic market there, but to some extent also Europe.
The elephant seal oil market was more stable. It yielded high grade oil that was used for lighting, lubrication and leather treating. However, as was the case with whale oil, the market for lighting was supplanted South Orkney Islands in the latter part of the century by the new mineral oil as well as gas. 17
Sources and data on the sealing industry
The literature on 19th century Antarctic sealing, and more generally the South Seas trades and the Fur Trade, contains a vast amount of data relating the industry; vessels, catches and market information. However, most of it is fragmentary and sporadic, making it difficult to acquire a good concept of the long run economic development.
A problem is also the incompleteness of the primary sources. Summing up her work on British records, Steven concluded:
"The dispersed nature of the trade, both at its collection and disposal points, helped to obscure activity and now makes regular estimates difficult to compile…. Even the comparatively formal regularity of the British Customs is interrupted by blank sections in records otherwise kept with some degree of faithfulness". 18 Her assessment may be followed by Jones, writing in the introduction to his study that "[t]he comprehensive history of the southern whale and seal fisheries from Britain, from the 1770s to the 1850s still has to be written. When it is done it will be unsatisfactory as the material is so scrappy and scattered." 19
The following section will review the available sources and data. Then we will discuss how to proceed to be able to compile more consistent data, especially corelating the economic aspects. 17 
Vessels
The number of vessels employed in Antarctic sealing is one important indicator of the extent of the industry. Data are found in logbooks, but on a more aggregate level, such vessels are identified in sources like the Lloyd's Register, Lloyd's List, Registers of Shipping or various Customs Lists relating the British fleet. 20 A problem with these and other sources is the extent to which it is possible to identify specifically the Antarctic sealing. A sealing and whaling voyage may be listed as a whaling voyage.
Quite often the only geographical identification is the "South Seas" which of course could be much more than the Antarctic waters. 21 Several historians have compiled information on vessels from primary sources. An effort to obtain a complete list based on primary as well as secondary ones, is by Headland, who has recorded about 1200 sealing voyages, distributed across years, on grounds and countries of origin of the expeditions (Figure 2 Sealing vessels varied substantially in size, making it difficult to talk of a "standardized" type. Sizes have been recorded from more than 600 tons to as little as 27 tons. 23 An average size of United States sealing vessels before 1900 has been estimated to about 240 tons. There also seems to have been a declining trend throughout the 19 th century towards vessels below 200 tons. 24 This was smaller than the average whaling vessels that typically were 300 -350 tons. 25 There were both practical and economic reasons for using smaller vessels. A large vessel would require a longer voyage to fill the hold. A large vessel was also difficult to navigate in the shallow and narrow waters where the sealers had to operate. Some elephant sealers, in fact, employed smaller tenders (fore-and-aft schooners of 70-100 tons) that accompanied the main vessels for navigation close to shore. 26 The whalers, in contrast, operated further out from the coast.
Based on his studies primarily of the Lloyd's Register, Jones has also compiled systematic information about several other characteristics of the vessels involved in the trade, including age and the number of sealing voyages a vessel made. It appeared, not surprisingly, that vessels tended to be fairly new in the early phases of the industry (late 18 th century) and much older ones were used in the later -and declining -stages of the industry. Jones also revealed that a vast majority of the vessels were employed in only one or two voyages before they entered other trades.
This obviously demonstrates the cyclical nature of this business as well as the general "mobility in shipping". 27
Employment
The crew obviously varied according to vessel size. The average 240 ton vessel had a estimated average crew of seventeen -again much less that the average whaling vessel where the crew on a typical New Bedford ship was 29 -or 26 for a typical bark. 28 Not much is known about the sealers life and working conditions aboard and ashore, but they were no doubt among the most unpleasant in the maritime industries. Jones put it this way: 'Socially, the South Sea trade was near the bottom of the hierarchy, and the seal fishery was lower still'. 29 As was the case in whaling, sealing was not an attractive employment. Especially in the Unites States, hiring became increasingly difficult and both sealing and whaling expeditions had to rely on crew recruited from Azores and Cape Verde Islands.
Another similarity between the two industries was the way payment to the crew was organized, by the so-called lay system. 26 The total employment in the industry in a single year, or for a longer period, is not known, but it is possible to estimate based on information on vessels and crew size. of the total extent of the fur sealing on the various southern grounds, indicating the imprecise nature of some of those estimates, and also emphasizing the severe difficulties in obtaining accurate numbers from an industry that at the time was not much concerned with exact reporting. According to Richard's estimates, a minimum of seven million fur seals were killed and sent to the London and Canton markets 30 Jones (ibid., p. 317) suggests that about 1000 men were employed in the South Shetlands, but not referring to a specific year. 31 Busch, op.cit., p. 36. 32 Richards, op.cit., Table 1 and Appendix 1, pp. 3 and 9. before 1833 -20% more than previous estimates. This includes the entire southern fur sealing, and he his not making estimates for the Antarctic region as such. 33 The number of elephant seals killed and the production of oil throughout the late 18th and 19th century are also rather obscure and involve estimates. The main reasons are, as we have mentioned already, that figures often were 'hidden' as they were included in whale oil production or in the larger South Seas Trade. Busch has also studied elephant sealing, and again emphasizing that his figures are estimates, calculated a catch of about 800000 elephant seals during the nineteenth century at the main catching grounds of South Georgia, Kerguelen, Heard and Maquarie. 34 As a comparison, the number of elephant seals reported killed during the licensed sealing there between 1904 and 1964 was about 260000. 35 
Prices
To be able to analyse the economic significance of industries, production only tells part of the story. It is necessary to compare values, and therefore also take the prices into account. When it comes to such series, the sources and data situation is also difficult and complex, as was the case about the more physical aspects of the trade (vessels, catches). There are primary sources both relating the London, New York and Canton markets. The main problem is related to the difficulties in identifying prices that 33 The comparison Richard is making between his and Busch' data may be taken only as a very rough indication. The areas included are not identical. More importantly, while Richard's data covers 1788 to 1833, Busch' data seems to extend only into the first and second decades of the nineteenth century. 34 Busch, op.cit., p. 181 ff. 35 Dickinson, op.cit., Appendix 5, p. 179. indicate a price for a specific product for a specific period. A measure such as a 'unit fur seal price' in one year did not exist and will have to be calculated. There are multiple reasons for this problem: One is that prices differed according to sex and age of the fur seals because such factors influenced decisively on the size and quality of the furs (wigs, bulls, clapmatches, yearlings, pups). Another reason was that the quality of the furs when they reached the market varied substantially according to how they had been prepared and especially how, and for what period, they had been Another feature displayed in the figure is the difference between maximum and minimum price quotes. They obviously varied from one year to the other, but were as much as $ 5.50 at its greatest.
Prices for Southern fur seal skins in London reveal the same pattern of large variations from high to low quotes. It has, so far, not been possible to compile consistent series of prices for a long period. Scattered observations between 1800 and 1821 show variations from £ 0-2s-6d (£ 0.125) to the exceptionally high £ 6-8s-0d (£ 6.4). 41 Between 1822 and 1827 we have been able to compile consistent price data from the London Price Current that quotes prices twice a week. Table 1 shows such quotes for three selected dates every year (again about 15 January, 15 June and 15 December). As can be seen, the prices appeared fairly stable until late 1825 when they increased sharply.
Table 1 Prices for Fur Seal Skins ("South Seas Skins") in London (£-s-d and £), 1822-1827
Year 17. January 1-00-0 (1.0) 1-05-0 (1.25) 13. June 0-10-0 (0.5) 0-18-0 (0.9) 12. December 0-10-0 (0.5) 0-18-0 (0.9) 1827
16. January 0-10-0 (0.5) 0-18-0 (0.9) 12. June 0-10-0 (0.5) 0-18-0 (0.9) 18. December 0-10-0 (0.5) 0-18-0 (0.9) Source: Prince's London Price Current. Note: The London Price Current was published twice a week. We have extracted data for three dates per year, as close as possible to 15 January, 15 June and 15 December.
The twice weekly price data for fur seal skins in London may be compared with similar data for New York. Using annual exchange rates, it is possible to compare the differences between prices of the two markets. 42 In a few instances the prices were identical, but in general there seems to be no clear pattern other than that both price series fluctuated lower than £ 1 per skin. In the first three to four years New York prices were systematically higher than London prices by as much as £ 0.6 (comparing low quotes). During late 1825 and early 1826 London prices increased dramatically (from £ 0.1 to 0.9 for low quotes), and in the remaining 1826 and 1827 London prices equalled or were even slightly higher than those of New York. At least from these few observations, it is not possible to identify an integrated market across the Atlantic.
The market price for elephant seal oil was very different from that of the fur seal market. It represented a much more clearly defined product, and the quality did not vary much (although there were, indeed, different qualities). As has been mentioned, it was a close substitute for whale oil, and consequently it conformed with, to a large extent, the whale oil prices. In fact, they were almost identical. Ryan has extracted prices for seal oil, whale oil as well as sperm oil quoted on the London markets for an almost 50 year period (1832-1880). As can be seen form those data, which are shown in Figure 4 , whale and seal oil prices both fluctuated the same way and at the same level. The data also show a very high degree of stability over this relatively long period -a very different development from fur seal prices that tended to fluctuate much more. It also shows that the price of sperm oil was an entirely different matter. It fluctuated much more and was also much higher -typically almost twice as high and even three times as high in some years. 43
Economic importance (Values)
Calculations of the economic importance of the Antarctic sealing industry are quite scarce and involve estimates and mere guesses. The reason is, as we have seen, the difficulties involved in obtaining reliable data both for the actual production (the catches) and prices. 43 Figure 3 ). If we assume that one elephant seal yielded an average of one barrel of oil, the total estimated catch was about 800000 barrels which is about 133000 tons (based on 6 barrels per ton). This gives a total estimated value of a century of elephant sealing of £ 4835000 or about $ 25 million. How this was distributed among different markets is not known, but the main one was probably the British.
Busch refers to Stevenson's calculations for South Georgia, where he estimated a production of 242000 barrels worth $ 5420000 for the entire century. That would equal roughly £ 1 Million (with an exchange rate of 1 to 5), indicating that South Georgia elephant sealing produced about 1/5 of the total economic output.
If these figures are reliable, the economic value of elephant sealing was altogether much higher than fur sealing. We do not have fur seal data for the latter part of the century, but the figures were low because the population of the animals was severely depleted. Even a continuous income at the same size as before 1833 (when the data series end) does leave the number far below the income from oil.
Sealing in context: Whale oil and fur trades
Antarctic sealing was, as we have mentioned, yielding products that had substitutes and were thus part of much larger markets where it had to compete. The fur seal skins were just one of a wide variety of furs on the world market. 50 Oil from the elephant seals competed with whale oil. How important were the seal products in these larger markets?
Gibson has compiled data for the aggregate fur imports to Canton between 1804 and 1837. 51 In most years, fur seals were the single most important category, responsible for more than 50% of the total fur import. The other important categories were beaver, fox, land otter and sea otter -land otter and beaver being the most important. From around 1830 they were more important than fur seals.
How did fur seal prices compare with other furs and skins? Prices obviously varied a lot according to availability and size. It also varied a lot over the years and between different markets. In the early 19 th century, sea otter was by far the highest priced fur in Canton, followed by beaver. Fur seals were never really high priced there, and from the 1830s they sold for higher prices in the US than in Canton. 52
Taking New York prices in the 1820s as an example, we can see from Table 2 that the market for furs and skins (or peltries as they were called) was quite varied at the time. This example gives a somewhat different impression than the Canton prices from about the same period; fur seals being among the more expensive ones together with beaver and otter, again indicating that there was no integrated market.
How important was the sealing industry compared to the whaling industry -the other main Southern industry at the time? Again, this is a difficult question to answer because data are unreliable and whaling and sealing data to some extent may be mixed up. Steven has also calculated the total value of the import to London (basically the British industry) in the period 1788 to 1820, again based on Customs Ledgers data. 53 This was the period before the huge expansion after the discoveries of the South Shetlands, but the period when the industry was established and expanded for example at South Georgia. While the value of the whale oil import according to this source was typically between £ 50000 and £120000 annually, the value of the seal skins were calculated in a range between less than £ 1000 and £4000. In the most successful year for both industries in this period, 1793, whale oil generated £ 136110 and seal skins £ 15079. Thus the sealing generated 11 % of the value of whale oil that
year. Taken the entire period together, sealskin values were, according to these data about 2.5 % of the whale oil value. 54 Even the value of whalebone (baleen) imports, itself a fraction of the whale oil value, for most years were many times higher than the value of sealskin imports. However, these figures have to be re-examined. As Steven emphasized the prices used in the Custom Ledgers data are estimated. This applies both to the seal prices as well as the whale oil prices.
Conclusions
The aim of this paper has been to clarify sources and data available about 19 th century Antarctic sealing to be able to analyse its economic significance. The historical literature on this industry has been reviewed and, more specifically, sources and data on number of vessels employed, employment, production (catches) and prices have been investigated. Such data enable estimations of the economic value or output of the industry.
The Southern sealing industry consisted of different trades, different participating nations and different markets. The main nations were the US and Britain. There were two main trades, fur sealing and elephant sealing, with two distinct products; fur / pelts and oil. The markets were in Britain and Europe, the US and in Canton (China)especially in the early 19 th century.
The data for all these aspects of the industry have been reviewed and analysed. So far only a few consistent long-run time series have been obtained. Thus the analysis has a preliminary character and more studies are needed. Some observations should be emphasized at this point:
-A substantial part of the data on most aspects of the industry reported in the existing historical literature is based on incomplete sources of very varying quality. This is also realized by most authors. Consequently, great cautiousness should be taken in interpretations and analyses based on them.
-The preliminary investigations in this paper indicate that especially the calculations of values of the trade (economic importance) need re-examination based on more adequate data. Some of the existing data are contradictory.
-There does not seem to have been an integrated or "global" market for fur seal skins during the 19 th century, although the industry as such had a global character.
-The preliminary analysis reveals that seal oil from elephant seals seems to have been more important economically relatively to furs and whale oil than what has so far been anticipated.
